Objective Studies of perinatal health outcomes in Canadian First Nations populations have largely focused on limited geographical areas and have been unable to examine outcomes by registered status and community residence. In this study, we compare rates of adverse birth outcomes among First Nations individuals living within vs. outside of First Nations communities and those with vs. without registered status. Methods Data included 13,506 singleton pregnancies from the 2006 Canadian Birth-Census Cohort. Outcomes examined included preterm birth (PTB), small-and large-for-gestational-age birth (SGA, LGA), stillbirth, overall infant mortality, and neonatal and postneonatal mortality. Risk ratios (RRs) were estimated with adjustment for maternal age, education, parity, and paternal education. Results Mothers living in First Nations communities and those with status had elevated adjusted risks of LGA (RR for First Nations community residence = 1.22, 95% CI = 1.09-1.35; RR for status = 1.50, 95% CI = 1.16-1.93). Rates of SGA were significantly lower among mothers with status (adjusted RR = 0.62, 95% CI = 0.44-0.86). Rates of PTB did not vary substantially by residence or by status. Adjusted differences in fatal outcomes could not be estimated, owing to small cell sizes. However, mothers living in First Nations communities had higher crude rates of infant mortality (10.9 vs. 7.7 per 1000), particularly for neonatal mortality (6.1 vs. 2.9). Conclusion Future investigations should explore risk factors, including food security and access to health care services, that may explain disparities in SGA and LGA by status and residence within First Nations populations.
Introduction
First Nations peoples in Canada have poorer health status than non-Indigenous Canadians in terms of general health indicators (MacMillan et al. 1996; Tookenay 1996 ; National Collaborating Centre for Aboriginal Health 2013), mortality (MacMillan et al. 1996; Health Canada 2011) , and perinatal health Smylie and Adomako 2009) (MacMillan et al. 1996) , poverty (Smylie and Adomako 2009) , inadequate housing (Smylie and Adomako 2009; Statistics Canada 2006a) , residential school experiences (National Collaborating Centre for Aboriginal Health 2013; Reading and Wein 2013; Kaspar 2014) , behavioural risk factors (MacMillan et al. 1996; Reading 2009) , and challenges to self-governance (Newhouse and Peters 2003) .
Approximately three quarters of First Nations peoples in Canada have status, and almost half live in a registered First Nations community (sometimes referred to as a reserve) (Statistics Canada 2011) . However, the proportion of the First Nations population without status is increasing (Statistics Canada 2011) , as is the proportion living outside of First Nations communities (Canadian Institute of Child Health 2000) . Community residence and registered status each affect health care and other services available to First Nations individuals (Lemchuk-Favel and Jock 2004) . First Nations people with status living outside a First Nations community are an important population to describe, since they are less likely to be captured in community data or census data due to their out-of-community residence. While connected to support systems and having access to Non-Insured Health Benefits (NIHBs), they may nevertheless have a different health profile from those out of community without status.
The effects of status and community residence on health outcomes can be estimated only to a limited extent using currently available data, which generally lack ethnic identifiers (including registered status) and specifics of residency (Chen et al. 2015; He et al. 2017; Simonet et al. 2012; Luo et al. 2010) . A lack of data on the health status and service use of a population or community limits the ability to conduct policyrelated research and carry out effective public health interventions, while also affecting health system organization and financing. For example, health data for First Nations people may not be easily accessible or available for reviewing funding formulas or negotiating First Nations-driven health care delivery models. In addition, due to jurisdictional issues historically rooted in the British North America Act of 1867, different First Nations individuals are served through differing funding rules, sources, and providers (Mashford-Pringle 2013) . Given these differing funding formulas and providers, as well as differential access to NIHBs, any variation in adverse health outcomes by First Nations community residence or status could suggest the need to modify funding rules or health delivery models to better suit the needs of the specific communities (Dwyer et al. 2014; Lavoie et al. 2010) .
The 1996 and 2006 Canadian Birth-Census Cohorts comprise the largest and only nation-wide data sets available to Unweighted cell counts are randomly rounded up or down to the nearest 5, in accordance with Statistics Canada disclosure regulations. All differences between in-community and not in-community populations and between status and non-status populations were statistically significant (p<0.001) *First Nations community residence was missing for 1.7% of women date permitting examination of perinatal health outcomes by registered status and First Nations community residence (Bushnik et al. 2016; Sheppard et al. 2017 ). In the current study, we examine adverse birth outcomes using these data, comparing those in-community vs. not and those with vs. without status.
Methods
The 2006 Canadian Birth-Census Cohort includes births between May 2004 and May 2006 and was created by linking Canadian birth/infant death registration data with the Canadian census long form, which was distributed to a 20% random sample of Canadian households but to 100% of households in First Nations communities and remote Inuit communities. A cohort weight was developed from the census household weight and adjusted to account for unlinked births. A set of bootstrap weights was also developed to allow calculation of variance around computed estimates (Bushnik et al. 2016 ).
We examined rates of adverse birth outcomes among singleton pregnancies in the overall First Nations population, with subgroup analyses comparing those in-community vs. not, those with vs. without status, and those with status but not living in-community vs. without status and not living incommunity. Adverse birth outcomes were examined for all comparisons and included preterm birth (PTB), small-forgestational-age (SGA) birth, large-for-gestational-age (LGA) birth per 100 births, and stillbirth, overall infant mortality, and neonatal and postneonatal mortality per 1000 births. SGA and LGA were defined according to sex-specific and gestational age-specific centiles of a Canadian population-based reference (Kramer et al. 2001) .
After examining crude rates for each of the subgroups, we computed risk ratios (RRs) comparing rates of non-fatal adverse outcomes for those living in-community vs. not and those with vs. without status, with adjustment for residence and status, as well as for other potential confounding variables in the data set, including maternal age, education, parity, and paternal education. Examination of adjusted RRs of fatal adverse outcomes was not possible, owing to low sample sizes. RRs were estimated using binomial regression with a logarithmic link function in SUDAAN. Crude rates and RRs (and their 95% CIs) were computed using the cohort weight and the bootstrap weights to account for the complex sampling design of the Canadian Birth-Census Cohort.
We also analyzed the 1996 Canadian Birth-Census Cohort, which includes births between May 1994 and May 1996, for sensitivity analysis. The 1996 cohort excludes births in the province of Ontario because of documented problems with data for Ontario birth registrations. For the 1996 cohort, analyses were split only by registered First Nations status, as community residence was not available in the earlier data set. As results did not vary greatly between the cohorts, we performed an additional set of analyses on the two cohorts combined, with census year included in adjusted regression models. Finally, we repeated all analyses for the 2006 cohort with Ontario births excluded in order to determine the extent to which any observed differences in results between the two cohorts were due to the exclusion of Ontario births from the earlier cohort, rather than reflecting true temporal changes.
Creation and analyses of the Canadian Birth-Census Cohorts were approved by the Pediatric Research Ethics Board of the McGill University Health Centre Research Institute. Analysis plans for all research focused on Indigenous health with the Canadian Birth-Census Cohorts were developed in consultation with the Ontario Native Women's Association. Table 1 presents the baseline characteristics (observed Ns and weighted percentages) of the overall First Nations population and each of the subpopulations examined. Overall, 10,467 cohort mothers in the 2006 cohort lived in-community and 2676 lived outside of a First Nations community, representing 47.7% and 52.3% of all First Nations mothers, respectively. The cohort included 12,840 mothers with status (88.1% weighted percentage) and 666 mothers without status (11.9%). A cross-tabulation of residence by status is given in Table 2 .
Results
The distribution of all variables examined differed significantly for the three major comparisons. Mothers living in-community and those with status tended to be younger, have lower education levels, and have more previous births than those living outside of First Nations communities and those without status. Paternal education levels also tended to be lower for mothers living in-community and those with status. For mothers with status, the average maternal age was 24.8, the average paternal age was 28.2, and the average number of children in the family was 2.5. The For mothers living in a First Nations community, the average maternal age was 24.4, paternal age was 27.7, and number of children was 2.7, compared to 25.4, 28.9, and 2.1 respectively for mothers not living in a First Nations community. Table 3 presents rates of adverse birth outcomes for the overall First Nations population and each of the subpopulations. Rates of PTB did not vary substantially by residence or by status. Mothers living in-community had lower crude rates of SGA and stillbirth and higher rates of LGA than those living outside of a First Nations community (5.3 vs. 6.2 per 100 live births for SGA, 9.4 vs. 11.4 per 1000 births for stillbirth, and 23.5 vs. 18.4 per 100 live births for LGA). These patterns were also seen when comparing mothers with vs. without status (5.4 vs. 8.6 for SGA, 9.8 vs. 14.4 for stillbirth, and 21.9 vs. 13.5 for LGA), although confidence intervals suggest the need for caution when inferring differences for both comparisons, particularly for stillbirth. Mothers living in-community had elevated rates of infant mortality (10.9 vs. 7.7 per 1000 live births), particularly for neonatal mortality (6.1 vs. 2.9). Table 4 presents RRs of non-fatal adverse birth outcomes between the different subpopulations after adjustment for maternal age, parity, and both parents' education levels. The differences seen in the crude rates of SGA and LGA by residence were somewhat attenuated after adjusting for correlation between residence and status (adjusted model 1) but were not substantially changed after further adjustment for parental characteristics (adjusted model 2 and fully adjusted model). Mothers living in-community had a 22% increased risk of LGA birth (fully adjusted RR = 1.22, 95% CI = 1.09-1.35), whereas the risk ratio for SGA birth was not statistically significant (adjusted RR = 0.93, 95% CI = 0.74-1.18). Mothers with registered status had nearly a 40% lower risk of SGA birth (fully adjusted RR = 0.62, 95% CI = 0.44-0.86) and a 50% higher risk of LGA birth (adjusted RR = 1.50, 95% CI = 1.16-1.93) compared to those without status.
Analyses for the 1996 cohort, the combined 1996 and 2006 cohorts, and the 2006 cohort with Ontario births excluded are presented in the Appendix. The same patterns for SGA and LGA in relation to registered status that were observed in the 2006 cohort were also found in the 1996 cohort. Overall results for the 2006 cohort were not substantially changed by excluding Ontario births. When overall infant mortality rates were compared by status in the two cohorts combined, mothers with status showed substantially higher rates than those without status (10.9 vs. 3.3 per 1000).
Discussion
To our knowledge, the current study is the first to compare perinatal health outcomes between registered status and nonstatus First Nations individuals across Canada, and between those living in First Nations communities and those not living in First Nations communities. Mothers living in-community and those with status tended to be younger, to have lower education levels, and to have had more children previously than mothers not living in-community and those without status. Mothers living in-community and those with status in turn had elevated adjusted risks of LGA, with lower rates of SGA also observed among mothers with status. While adjusted differences in fatal outcomes could not be estimated, mothers .0 8.3-9.7 8.9 8.4-9.4 9.0 7.7-10.5 9.0 8.3-9.8 8.7 6.5-11.5 9.1 7.7-10.8 8. Infant mortality 9.2 7.4-11.6 10.9 8.9-13.4 7.7 4.8-12.3 Suppressed* Suppressed* 9.7 6.0-15.6 Suppressed* Neonatal mortality 4.4 3.2-6.1 6.1 4.7-8.1 2.9 1.2-6.5 Suppressed* Suppressed* 3.6 1.6-8.3 Suppressed* Postneonatal mortality 4.8 3.5-6.7 4.8 3.7-6.3 4.9 2.7-8.9 Suppressed* Suppressed* 6.1 3.3-11.2 Suppressed* Rates for PTB, SGA, and LGA are per 100 live births; rates for stillbirth are per 1000 births; rates for overall infant mortality and neonatal mortality are per 1000 live births; rates for postneonatal mortality are per 1000 live births surviving the neonatal period *Data suppressed due to small numbers living in First Nations communities had higher crude rates of infant mortality, particularly neonatal mortality. The contribution of our study is particularly important in light of demographic changes within the First Nations population. Between 2006 and 2011, the non-status population self-identifying as First Nations increased by 61%, compared to 14% over the same time period for the status First Nations population (Statistics Canada 2011). Of First Nations individuals with status, the proportion living outside of First Nations communities has also grown: from 29% to 42% between 1982 and 2002 (Canadian Institute of Child Health 2000 and reaching 46% among mothers represented by the 2006 cohort. It should be noted, however, that these shifts partially stem from changes in wording and methodology in surveys used to assess Indigenous identity, as well as from changes in rates of self-declaration (Statistics Canada 2011).
Birth weight references have historically been determined by non-Indigenous or general population birth weights, as was done in our study. Thus, the definitions of SGA and LGA used may not be reflective of the overall distribution of Indigenous birth weights. While customizing birth weight references based on maternal ethnicity or other characteristics is an area of some controversy (Hutcheon et al. 2011; Hutcheon et al. 2008) , creation of Indigenous-specific birth weight references may be a valuable topic for future consideration. Regardless of the reference used, however, our results point to important differences in birth weights between First Nations groups as they have been defined here.
Due to limitations in data sources on perinatal outcomes for the First Nations groups we studied, the comparisons we performed have not been feasible to date on a national level, as existing data on the health of First Nations are drawn almost exclusively from the status First Nations population (Health Council of Canada 2005; The First Nations Information Governance Centre 2012; Smylie and Anderson 2006; Young 2003) . Moreover, studies of associations with residency have not been able to assess residence in vs. outside of First Nations communities. In a study of adverse birth outcomes and infant mortality in Quebec from 1996 to 2010, First Nations identity was assigned based on a composite measure of maternal or paternal mother tongue, maternal residential postal code and/or municipality name corresponding to a First Nation community, or maternal or paternal registered status (Chen et al. 2015) . Elevated rates of LGA birth, high birth weight (above 4000 g), stillbirth, and infant mortality, as well as reduced rates of SGA and low birth weight, were observed in the First Nations population compared to the non-Indigenous population (Chen et al. 2015) . However, that study was not able to reliably identify First Nations individuals without status and those not living in First Nations communities, owing to the absence of self-identifiers in the composite measure used to assign First Nations identity. In a study from Manitoba from 1991 to 2000, First Nations identity was assigned based on maternal or paternal self-identification on the birth registration (Luo et al. 2010) . Elevated rates of PTB, LGA, and infant mortality, and reduced rates of SGA, were observed in the First Nations population compared to the non-First Nations population (Luo et al. 2010) . The study also observed decreased rural isolation to be associated with lower infant mortality among non-First Nations, but not among First Nations, births (Luo et al. 2010 ). However, data on First Nations community residence and registered status were unavailable.
It is unclear what is driving the disparities observed after accounting for socio-demographic characteristics in our study. There is a paucity of evidence on the sequelae of disparities in access to health services between different First Nations populations. The federal policy framework concerning Indigenous health does not apply to First Nations individuals who are ineligible for status, and those individuals living incommunity but ineligible for registered status are not taken into account in the determination of funding levels for health services in First Nations communities (Lavoie 2013) . Furthermore, individuals living in these communities must contend with a health system that is externally imposed with specified requirements for contracting, performance, and accountability that may not align with the preferences of the community or its healthcare providers (Dwyer et al. 2014) . Issues that may be particularly relevant to birth outcomes include evacuation for delivery for mothers residing in fly-in First Nations communities, support of First Nations women while they are accessing services outside their communities, and availability of native midwifery services (Smith 2002) . Results from our study speak to the need for evidence on these factors and their effects on health outcomes.
Our study makes an important contribution toward addressing existing data gaps for First Nations health, but the sampling strategy of the Canadian census presents its own challenges. While the census long form is administered to all census households in First Nations communities (as well as all households in remote northern areas), some First Nations communities do not participate in the census and are therefore not enumerated (Statistics Canada 2006b ). The census does not produce undercoverage estimates for First Nations people not living in-community (Statistics Canada 2006b); census net undercoverage of the in-community First Nations population is estimated at 10.6% (Statistics Canada 2006c).
The disparities we observed for non-fatal birth outcomes by status and residence were not substantially changed after adjustment for parental age, educational level, parity, and marital status. Other variables that have been shown to influence birth outcomes but were not available in our data set include genetic and constitutional influences, hypertension, metabolic diseases, pre-pregnancy BMI, gestational weight gain, maternal nutrition, gestational diabetes, tobacco use during pregnancy, environmental pollution and toxins, and prenatal care. We expect that the observed differences in rates of LGA and SGA birth in our study are partially due to maternal overnutrition (pre-pregnancy BMI and gestational weight gain) among mothers with status and those living in First Nations communities (Black et al. 2008 ) though we could not test this hypothesis in our data set. Future studies exploring these factors in First Nations populations are needed to elucidate the mechanisms underlying the disparities observed in our study.
Several additional limitations to our study should be acknowledged. While the overall linkage rate for the cohorts was 90%, linkage rates were lower for mothers under age 25 and those with stillbirths or infant deaths (Bushnik et al. 2016) . Finally, incomplete enumeration of registered First Nations communities, as mentioned above, would also have affected linkage rates in the Canadian Birth-Census Cohorts for mothers living in these communities.
Conclusion
In the first study to compare perinatal health outcomes between First Nations mothers with and without status and between those living within and those living outside of First Nations communities, we found that in-community mothers and those with status had higher rates of LGA and infant mortality, but lower rates of SGA. Further research is needed to determine whether the range of healthy birth weights differs for Indigenous infants. In addition, it is necessary to examine the impact that culture and use of traditional healing and medicine have on birth outcomes for First Nations infants. Finally, future investigations should explore metabolic, social, behavioural, and environmental risk factors that may explain perinatal health disparities between different First Nations populations.
